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PREFACE 


This  report  is  in  response  to  a reauest,  AAP-580-77-2,  dated  September 
26,  1977,  from  the  Office  of  Airports  Standards,  Federal  Aviation 
Administration  (FAA) , to  investigate  current  practices  and  theories 
in  the  control  of  reflection  cracking  of  bituminous  overlays.  Reflection 
cracks  are  fissures  in  an  asphalt  overlay  or  surface  course  that 
reflect  the  crack  pattern  of  the  pavement  structure  below.  The  study 
has  been  conducted  as  an  in-house  effort  by  the  Systems  Research  and 
Development  Service,  Airport  Division,  and  involved  a literature  search 
together  with  site  investigations  and  interviews  with  engineers  and 
contractors  having  expertise  in  the  design  and  construction  of  bituminous 
overlays.  This  report  describes  research  work  performed  by  universities, 
government  agencies  and  other  groups,  and  outlines  the  conclusions  that  were 
reached  from  those  efforts  together  with  commentaries. 

The  work  plan  was  coordinated  with  (and  reviewed  by)  engineers  in 
the  Office  of  Airports  Programs.  Work  was  conducted  under  the  supervision 
of  Mr.  Carl  L.  Schulten,  Chief  of  the  Airport  Pavement  and  Facilities 
Branch.  Mr.  Charles  L.  Blake  was  Chief  of  the  Airports  Division  and 
Mr.  Robert  Wedan  was  Acting  Director,  Systems  Research  and  Development 
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I . INTRODUCTION 


The  rapid  growth  in  the  nation’s  economy  since  the  early  1940's 
necessitated  the  proliferation  of  airport  and  highway  facilities  in  every 
corner  of  the  nation.  Highways  and  airports  financed  by  public  works 
programs  responded  to  the  need  for  greater  communication,  commerce  and 
mobility.  The  need  for  airport  pavements  became  so  great  that  many 
military  airfields  built  during  World  War  II  have  been  pressed  into  ser- 
vice at  general  aviation  airports.  Many  of  these  pavements  were  con- 
structed with  Portland  cement  concrete  but  a few  were  of  flexible  type 
construction.  Some  construction  was,  of  course,  only  the  result  of  a 
need  for  widening  or  extending  existing  facilities.  However,  all  con- 
struction must  necessarily  be  rehabilitated  because  of  deterioration  due 
to  constant  usage  or  because  of  exposure  to  weathering  action  from 
environmental  forces.  This  need  was  invariably  satisfied  by  overlaying 
the  existing  pavement  with  a topping  of  either  concrete  or  bituminous 
material.  Unfortunately,  rehabilitation  in  most  instances  was  only  of 
cosmetic  value  since  the  underlying  causes  of  the  deterioration  were  often 
not  removed  prior  to  overlay.  A new  problem  then  resulted;  the  overlays 
after  a short  period  of  service  began  to  reflect  the  same  pattern  of 
deterioration  as  the  original  pavement  or,  at  best,  cracked  with  the  same 
joint  pattern  as  the  base  pavement. 


Many  different  materials  have  been  tried  to  combat  reflection  cracking 
and  several  reports  have  been  written  about  field  observation  projects. 
While  some  successes  have  been  noted  bv  engineers  on  certain  projects. 
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no  predictable  results  have  been  experienced.  Basic  research  on  the 
mechanisms  by  which  cracks  in  an  existing  pavement  reflect  through  an 
overlay  ife  sparse.  The  reasons  for  volumetric  displacements  are  under- 
stood from  elementary  physics.  But,  forces  that  are  developed  during 
contraction  or  expansion  of  a pavement  because  of  temperature  or  moisture 
changes,  the  degree  of  resistance  rendered  at  the  interface  between  pave- 
ment and  overlay,  the  coefficients  of  expansion  of  the  several  components, 
the  rate  of  temperature  variation  through  the  depth  of  the  pavement,  the 
influence  of  moisture  on  this  temperature  variation,  the  stiffness  of  the 
subgrade,  the  compacted  state  of  the  various  soil  lavers,  and  other 
variables  with  transient  values,  have  not  generally  been  addressed  during 
the  planning  of  field  tests  and  it  has  been  found  that  successes  or 
failures  can  never  be  explained  or  duplicated  with  any  degree  of  certainty 

Impressive  success  rates  in  reducing  reflection  cracking  have  been 
observed  in  cases  where  the  overlay  would  have  to  be  considered  as 
increasing  the  structural  strength  of  the  pavement  either  because  of 
increased  thickness  of  bituminous  material  or  because  large  crushed  stone- 
of  the  order  of  3-1/2  inches  (8.9  cm)  or  more  are  placed  between  the  old 
pavement  (regardless  of  condition)  and  a 4 inch  (10.2  cm)  overlay.  The 
most  certain  occurrence  of  reflection  is  seen  in  cases  where  a 3 inch, 

7.6  cm,  (or  less)  thickness  of  bituminous  overlay  is  laid  on  a pavement 
that  has  deteriorated  due  to  adverse  climatic  or  load  related  factors 


and  subgrade  subsidence. 


Conclusions  are  that  reflection  cracking  can  be  reduced  only  after  a 
theoretically  based  model  considering  all  the  various  soil  parameters 
is  developed  and  after  this  model  has  been  field  validated  and  applied 
to  pavement  overlay  design.  This  validation  will  require  the  observation 
of  test  strips  in  which  each  variable  is  strictly  controlled  and  after  a 
methodology  for  quantifying  the  amount  of  cracking  has  been  developed. 

The  trial  and  error  procedure,  which  is  now  prevalent,  cannot  be  expected 
to  deliver  useful  results  because  all  the  operating  variables  are  not 
identified  or  quantified  and  follow-up  observations  are  seldom  systematic 


II.  THE  MECHANICS  OF  OVERLAY  INTERACTION  WITH  THE  PAVEMENT 


Pavements  are  active  systems  of  specially  selected,  layered  materials 
intended  for  the  support  of  loads  (wheel  loads,  primarily)  without 
excessive  displacements.  Displacements,  both  in  translation  and  rotation, 
occur  in  all  directions  and  under  normal  conditions  are  within  tolerable 
limits.  Strains  that  exceed  limits  of  recovery  for  the  materials  may  be 
induced  by  a variety  of  factors  and  when  these  occur  pavement  rutting  or 
cracks  develop  at  points  that  will  most  effectively  relieve  high  stresses. 
Redistribution  of  stresses  then  occurs  and  the  pavement  will  continue  to 
function,  usually  at  a reduced  level  of  efficiency.  The  principal 
sources  of  displacements  are  load,  temperature,  moisture  migration,  creep, 
swell,  and  frost  heave. 


The  displacements  induced  by  any  combination  of  these  factors  have  not  yet 
been  precisely  formulated  mathematically  because  of  the  complexity  of 
stress  patterns  in  such  an  inhomogenous , barely  elastic,  three  dimensional 
medium.  Although  semi-empirical  formulations  have  been  developed  and 
have,  to  some  extent,  been  verified  by  field  testing  devices,  it  is  still 
not  known  to  what  extent  an  asphaltic  overlay  affects  the  movements  of  the 
base  pavement.  The  usual  assumption  is  that  the  overlay  follows  the  move- 
ments (induced  by  all  causes)  of  the  base  pavement  and  in  addition  may 
move  (or  fail  to  move)  on  its  own  and  out  of  phase  with  the  base  pavement 
because  of  such  influences  as  temperature  gradients  with  depth,  material 
characteristics,  and  the  absence  or  presence  of  tractive  forces.  Stress 
relief  by  cracking  of  the  overlay  is  thus  a complex  function  of  base 
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pavement  displacements,  overlay  planar  displacements  and  the  presence  of 
pre-existing  cracks.  By  definition,  however,  only  those  overlay  cracks 
with  the  same  pattern  as  that  of  the  pavement  below  are  considered  as 
reflective . 

In  flexible  pavements,  loads  are  supported  by  shear  developed  by  inter- 
lock in  the  pavement  layers  and  by  resistance  to  compression  in  the  sub- 
grade, with  minimal  pavement  flexure.  Failure  of  the  subgrade  to  provide 
sufficient  resistance  to  compression  without  permanent  deformation  is 
evidenced  by  rutting  of  the  surface  course  which  traditionally  has  never 
been  designed  to  resist  high  levels  of  shearing  forces.  An  asphalt  overlay 
laid  over  pavements  supported  by  failing  subgrades  will  of  necessity  crack 
in  the  same  manner  as  the  existing  pavements.  This  fact  has  been  observed 
on  many  occasions  in  the  field  and  remedial  measures  have,  in  the  more 
severe  cases,  been  taken  to  stabilize  the  subgrade  before  overlay  was 
attempted. 

In  rigid  pavements,  the  load  carrying  capacity  derives  from  bending  by 
plate  action  mitigated  in  varying  degrees  by  the  resistance  to  compression 
in  the  subgrade.  Insufficient  subgrade  support  of  a Portland  cement 
concrete  slab,  for  instance,  creates  large  flexural  displacements  as  the 
slab  is  forced  to  span  between  (or  to  cantilever  over)  points  of  hard 
support  with  attendant  high  bending  stresses  and  ultimately  formation  of 
natural  hinges.  Hinges  are  points  of  angular  discontinuities  and 
continual  flexure  here  causes  progressive  deterioration  of  the  pavement. 
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At  joints  which  had  been  provided  during  construction,  subgrade 
subsidence,  whether  from  overstress  or  the  effects  of  water,  may  cause 
faulting  of  adjacent  slabs  resulting  in  roughness,  high  impact  loads 
from  aircraft  wheel  loads,  pumping  and  progressive  dislocation  of  soil 
material  from  under  the  pavement.  In  more  severe  cases,  the  growth  of 
vegetation  occurs  as  particles  of  soil  rise  to  fill  the  fissures.  The 
magnitude  of  vertical  displacements  at  adjacent  edges  cannot  be  impeded 
by  the  addition  of  an  overlay  which  invariably  cracks  at  these  locations. 
An  overlay  across  the  hinges  does  not  strengthen  the  pavement  structure, 
does  not  remedy  the  initial  cause  of  the  distress,  and  will  fail  in  the 
same  manner  as  the  original  pavement.  Successful  prevention  of  cracks  in 
the  overlay  (this  factor  alone  considered)  has  been  accomplished  by 
jacking  and  replacement  of  lost  material  in  the  subgrade  prior  to  overlay 
operations. 

Planar  displacements  of  the  pavement  structure  derive  from  volumetric 
expansion  or  contraction  due  to  temperature  variations.  Daily  and 
seasonal  temperature  changes  result  in  measurable  planar  movements  that 
develop  enormous  stresses  when  tractions  are  developable  on  the  boundaries . 
These  tractions  arise  partly  from  interlayer  friction  and  partly  because 
of  end  restraints.  High  tensile  stresses  are  generally  relieved  by  the 
formation  of  natural  crack  lines  whose  location  and  magnitude  are 
determined  by  the  cross  sectional  area,  material  properties,  interface 
roughness,  cracking  strength,  rate  of  crack  growth,  thermal  coefficient, 
imperfections  in  the  cross  section,  amount  of  temperature  change,  and 
the  planar  dimensions  of  the  pavement.  A simplified  approach  for  the 
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determination  of  jointed  concrete  slab  movements  under  the  action  of 
temperature  may  be  developed  from  basic  equations  from  strength  of 
materials.^-  Horizontal  displacements  at  joint  locations  may  be 
approximated  by: 


Ah  = PAThL)-(Ychc+Yachac)f(L2/2) (1/ACEC) 


where,  hc,hac  = height  of  concrete  and  asphalt  concrete, 

h = horizontal  movement  at  joint  location, 
a = temperature  coefficient, 

A = average  temperature  drops, 

L = length  of  slabs 

Yc,Yac  = unit  weight  of  concrete  and  asphalt  concrete, 

f = coefficient  of  friction  between  subgrade 
and  slab, 

Ac  = unit  cross  section  of  slab,  and 
Ec  = modulus  of  elasticity  of  concrete 


The  results  of  analytical  simulations  of  overlay  systems  by  finite 
element  methods  were  used  by  investigators  to  develop  the  nomographs 
shown  in  Figures  1 and  2.  From  the  study,  it  was  concluded  that  for  any 
given  planar  joint  movement,  overlay  stresses  can  be  assumed  to  vary 
linearly  with  the  amount  of  induced  movement. 
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Changes  in  curvature  of  rigid  pavements  are  commonly  induced  by  high 
temperature  differentials  between  the  bottom  and  too  surfaces  of  the  slab. 
This  curling  action  raises  the  slab  off  its  support,  creates  high 
flexural  dead  (or  live)  load  stresses  in  the  pavement  structure  and 
demands  greater  bearing  strength  from  the  base  or  subgrade  at  contact 
points.  The  result,  predictably,  is  failing  stresses  with  eventual 
cracks  developing.  Little  change  in  the  amount  of  movement  occurs  in  the 
existing  pavement  after  overlay  and  none  of  the  other  factors  originally 
contributing  to  the  creation  of  cracks  in  the  existing  pavement  is  reduced 
by  the  presence  of  the  new  surfacing.  Researchers  have  determined  that 
the  use  of  overlays  up  to  4 inches  (10.2  cm)  thick  have  no  significant 
effect  on  the  temperature  induced  movement  of  the  underlying  slabs.  Also, 
the  horizontal  movement  of  the  slab  was  the  same  after  cracking  of 
the  overlay  as  it  was  before  cracking  occurred.2 

It  is  also  possible  to  estimate  the  curling  and  warping  deflections  by 
the  solution  of  the  basic  relationship,^ 

[ (d^/dx4)  + (2d4w/dx2dy2) 

+ (d4w/dy4) ]={ (q/D) -lK(w-c) /D] } 
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where 


w = plate  deflection  in  x,y  plane 


q = load, 

->  2 

D = [Echc  /12(l-v  ) ]=  plate  stiffness, 

Ec  = concrete  modulus  of  elasticity, 
hc  = concrete  slab  thickness, 
v = concrete  Poisson  ratio, 
c = (aAtd2/2hc)  = curling, 
a = temperature  coefficient  of  concrete, 

At  = temperature  differential  in  slabs,  and 
d = distance  from  center  of  the  slab. 


The  maximum  stress  induced  in  the  overlay  over  the  joint  locations  of 
concrete  base  slabs  may  also  be  computed  approximately  from  basic  strength 
of  materials  relationships.  The  following  formula  , also  reproduced 
from  work  at  the  Ohio  State  University,  is  useful; 

R = ( j/29) 

0 = <BovHov/3)0 

where, 

R = radius  of  curvature  of  the  overlay, 
j = joint  width, 

9 = edge  slope  of  the  slab, 

Eov  = modulus  of  elasticity  of  overlay,  and 
HQv  = thickness  of  overlay 
<J  = stress  in  overlay 

An  illustration  of  the  rotation  of  the  overlay  at  the  joint  location 
due  to  curling  of  the  base  slab  is  shown  in  Figure  3.  A nomograph 
relating  edge  slope,  pavement  thickness,  slab  lenqth,  joint  width,  and 
overlay  modulus  with  induced  bending  stresses  in  the  overlay  is  also 
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reproduced  in  Figure  4 
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(Figures  reproduced  from  Ref.  1) 


The  most  sustained  and  methodical  effort  at  studying  the  mechanics  of 
reflection  cracking  and  developing  analytical  models  is  being  conducted 
at  Ohio  State  University  where  one  approach  has  been  to  treat  reflection 
cracking  as  a fatigue  phenomenon.  At  first  glance,  it  is  not  apparent 
that  there  is  a distinct  link  between  failure  of  overlays  due  to  fatigue 
and  the  phenomenon  of  certain  types  of  reflection  cracking.  Further 
considerations,  however,  will  reveal  that  at  locations  where  there  is  a 
discontinuity  in  pavement  cross  section,  a flaw  in  the  cross  section,  and 
cyclic  stress  or  displacement,  high  stresses  develop  and  cause  propagation 
of  cracks  up  through  the  thickness  of  the  overlay.  A considerable  amount 
of  research  at  Ohio  State  University  on  pavement  models  has  shown  that  the 
fatigue  life  expectancy  of  overlays  over  flaws  or  notches  in  a base  pave- 
ment is  severely  curtailed,  other  factors  remaining  constant.  As  loads  are 
applied  to  the  pavement,  these  areas  reach  their  limit  of  load  repetition 
long  before  the  remainder  of  the  pavement.  The  condition  worsens  over 
jointed  concrete  pavements  where  the  width  of  joints  and  cracks  tend  to 
be  larger  than  those  developing  in  flexible  overlays. 

To  illustrate  that  crack  reflections  in  asphaltic  overlays  on  jointed 
concrete  pavements  is  evidence  of  a fatigue  process,  certain  tests  were 
conducted  at  Ohio  State  University2  with  dynamic  loads  placed  directly 
over  the  covered  joint  and  also  with  loads  placed  to  the  side  of  it  as 
shown  in  Figure  5.  Some  of  the  conclusions  were  that  no  cracks  developed 
directly  under  the  loaded  area  because  the  overlay  here  was  under 
compression  but  that  cracks  would  begin  at  the  sides  of  the  load  and 
propagate  in  both  directions  along  the  line  of  the  existing  joint. 


Figure  5 
(After  Ref.  2) 
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Figure  6 illustrates  the  reflection  crack  pattern.  It  was  also 
demonstrated  that  high  shear  stresses  produce  an  earlier  occurence  of 
reflection  than  when  these  stresses  are  not  present.  Besides,  cracks 
may  occur  on  the  bottom  of  the  overlay  over  the  joint  if  the  ratio  of 
concrete  to  foundation  modulus  is  so  high  that  the  neutral  axis  shifts 
up  into  the  asphalt  layer.  The  research  addressed  traffic  induced 
reflection  cracking  and  laid  the  foundation  for  a rational  design 
method  (which  should  include  thermal  effects)  for  the  prevention  of 


reflection  cracking. 


A discussion  of  the  principles  of  fracture  mechanics  is  not  required  for 


' 
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this  report  but  the  main  assumptions  are  that  crack  spread  occurs  in  the 
direction  of  maximum  potential  energy  density.  During  one  stress  cycle 
the  crack  tip  will  undergo  alternate  sharpening  and  blunting;  and, 
when  there  is  a large  amount  of  plastic  deformation  the  crack  may  become 
blunted  and  propagation  is  reduced  or  halted.  The  governing  equation  is 
that  the  rate  of  change  of  crack  length  with  respect  to  number  of  load 
repetitions  is  proportional  to  a constant,  based  on  material  property, 
times  a stress  intensity  factor  raised  to  the  power  of  four  (for  sand 
asphalt  mixtures  tested  under  monotonic  loading  conditions) . An 
engineering  approach  to  the  fracture  problem  is  based  on  strain  analysis 
procedures  in  which  mathematical  formulations  are  derived  to  relate 
strain  energy  release  rate  with  crack  length  and  specimen  geometry.3 

4 

Research  performed  by  the  Austin  Research  Engineers  Inc.  has  led  to  the 
development  of  a computer  program  for  incorporating  reflection  cracking 
criteria  into  the  design  procedure  for  flexible  and  rigid  overlays  on 
rigid  pavements.  Sponsorship  of  the  project  was  by  the  Federal  Highway 
Administration  as  part  of  a policy  to  upgrade  the  Interstate  Highway 
system.  The  program  is  referred  to  in  the  literature  as  REFLCR1  and 
requires  minor  hand  computations  to  determine  computer  input  data.  This 
program  will  be  validated  by  Resource  International  Inc. , of  Ohio,  where 
sensitivity  analyses,  and  modification,  if  needed,  will  be  made.  The 
states  of  Florida  and  Utah  have  either  successfully  applied  the  program 
or  expect  to  implement  it. 
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A refinement  in  the  formulation  that  will  be  necessary  for  the  precise 
modeling  of  the  reflection  cracking  phenomenon  is  that  the  governing 
differential  equation  (at  present  linear)  should  be,  more  properly,  non- 
linear. Another  is  that  the  material  for  the  sake  of  simplicity  is 
assumed  to  be  elastic  and  homogenous,-  but,  asphalt  concrete  courses  are 
elastic  in  only  a very  small  range  of  their  behavior  regime  and  are  more 
accurately  considered  as  plastic,  viscoelastic  materials  that  are  time, 
temperature,  and  load  dependent.  Besides,  while  the  theory  may  produce 
reliable  predictions  for  a homogenous  material,  it  should  be  noted  that 
this  might  not  be  true  for  a mechanical  mixture  of  bitumen,  granular 
material  and  voids  that  characterizes  bituminous  overlays.  Field  valida- 
tions of  the  analytical  models  have  not  been  completed  and  therefore  it 
cannot  be  determined  to  what  extent  more  refined  assumptions  would  improve 
their  pedictive  capacity,  or  whether  further  complexity  of  the  problem 
would  even  be  worthwhile. 

Effective  field  efforts  to  reduce  or  prevent  reflection  cracking  should 
necessarily  be  preceded  by  knowledge  of  the  reasons  for  the  cracks  in  the 
existing  pavement;  random  changing  of  pavement  variables  has  not  been  an 
effective  means  of  reducing  reflection  cracking. 
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III.  EXISTING  PAVEMENT  MODIFICATION 


Some  of  the  earliest  methods  which  proved  to  be  effective  in  retarding 
reflection  cracking  involved  obliterating  the  crack  pattern  in  the 
existing  pavement  prior  to  overlay.  One  of  these,  "breaking  and  seating," 
was  merely  the  breaking  of  the  old  pavement  into  small  fragments  by  the 
use  of  heavy  rollers  or  impact  hammers  and  effectively  removing  the 
cavities  from  between  the  pavement  and  subgrade  or  from  between 
imperfectly  interlocked  aggregate  particles.  This  method  has,  reportedly, 
reduced  the  span  over  which  temperature  movements  take  place  and  also 
assured  that  all  parts  of  the  pavement  rest  on  firm  support.  An  extension 
of  this  method  is  the  process  of  heater  scarification  of  deteriorated 
flexible  pavements.  This  process  has  proved  to  be  of  great  economic 
advantage  when  older  pavements  are  to  be  rehabilitated.  While  these 
methods  require  the  destruction  of  the  pavement  system,  all  the  cases 
on  record  have  shown  that  the  materials  so  produced  have  been  recycled 
into  the  production  of  the  new  pavement.  The  effect  of  all  of  these 
methods  is  to  reduce  the  likelihood  of  reflection  cracks  (or  the  width 
when  they  do  occur)  by  assuring  full  seating  on  the  subgrade  and  to  reduce 
the  expanse  over  which  the  underlying  fragments  contract  or  expand.  The 
resulting  tensile  or  shearing  strains  imposed  on  the  cross  section  of 
the  overlay,  whether  they  are  load  related  or  temperature  related, 
should  then  be  within  tolerable  limits. 
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Breaking  and  Seating 

The  Minnesota  Department  of  Highways  investigated  the  effect  of  breaking 
and  seating  Portland  cement  concrete  pavements  prior  to  overlay  as  early 
as  1959.  The  selected  area  of  roadway  for  rehabilitation  was  18  miles 
(29  km)  long  and  had  been  constructed  18  years  before.  Some  of  the  obser- 
vations made  centered  on  the  amount  of  cracks  reflecting  after  various 
periods  (up  to  30  months)  at  transverse  joints,  and  at  center  line  joints. 

An  average  of  10  passes  of  a 59  ton  (525  kN)  rubber  tired  roller  effectively 
overloaded  those  sections  of  the  pavement  that  were  not  seated  on  the 
subgrade  and  produced  a considerable  number  of  new  cracks.  Condition 
surveys  after  2 1/2  years  of  rural  traffic  usage  since  overlay  revealed 
that  rolling  had  a measurable  effect  on  decreasing  the  number  of  reflec- 
tion cracks  when  compared  to  those  sections  that  were  unrolled  for 
purposes  of  comparison.  Overlay  thickness  was  also  varied  and  the 
amount  of  reflection  also  decreased  with  thickness  of  overlay,  all  other 
conditions  remaining  the  same.5  Results  were  definitive  enough  to 
cause  a change  in  the  department's  policy  which  then  began  to  require 
rolling  prior  to  overlay. 

During  this  period,  the  practicality  of  breaking  and  seating  old  concrete 
pavements  with  a 50-ton  (445  kN)  pneumatic  roller  and  an  impact  hammer 
prior  to  overlay  with  hot  mix  bituminous  material  was  also  investigated 
by  the  Louisiana  Department  of  Highways.  The  section  of  roadway 
selected  consisted  of  a concrete  pavement  6 inches  (15.2  cm)  thick,  in 
generally  poor  condition,  with  a great  deal  of  pumping.  It  was 
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also  concluded,  based  on  observations  after  a few  years  of  service, 
that  use  of  the  roller  and  hammer  drastically  reduced  the  occurrence  of 
reflection  cracking  essentially  because  of  the  improved  seating  of  the 
slab  on  the  subgrade  (ML  and  CL  type  soil  in  the  Unified  Classification 
System)  at  the  joints  and  the  presence  of  a leveling  course  >st  under 
the  overlay. 


The  Washington  State  Highway  Commission  was  also  interested  in  experi- 
mentation into  the  effects  of  heavy  rollers  in  seating  concrete  pavements 
7 

during  this  period.  One  plan  for  rehabilitation  required  the  towing  of 

a 50-ton  (445  kN)  compactor  over  an  old,  poorly  seated  concrete  pavement 

6 inches  (15.2  cm)  thick.  This  was  then  followed  by  the  placement  of  a 

layer  of  untreated  crushed  rock  5 inches  (12.7  cm)  in  thickness.  A 

3- inch  (7.6  cm)  minimum  thickness  of  asphalt  concrete  was  then  laid  as 

the  final  surface  course.  A survey  after  18  months  of  service  revealed 

that  the  measures  were  effective  in  retarding  the  occurrence  of  reflective 

cracks.  However,  it  was  not  determined  how  much  contribution  was  derived 

from  the  act  of  breaking  the  pavement  prior  to  overlay  and  how  much  was 

due  to  the  presence  of  the  crushed  stone  interlayer.  This  method  has 

also  received  attention  in  New  York  and  New  Mexico.  A clear  conclusion 

8 

of  the  effectiveness  of  the  method  studied  in  the  New  York  tests  could 
not  be  drawn  because  the  new  overlay  was  much  thicker  than  what  was 
normally  used.  Some  delay  in  the  appearance  of  reflection  cracking  was 
noted  but  this  could  have  been  due  to  the  increased  thickness  of  overlay 
that  was  used. 


Much  research  has  in  recent  years  been  done  in  Canada  on  the  causes  and 

prevention  of  reflection  cracking.  A study  performed  in  the  Ontario 

9 

Ministry  of  Transportation  and  Communication  revealed  that  pulverization 
of  an  existing  rigid  pavement  surface  and  the  reuse  of  this  material  as 
a base  for  resurfacing  is  the  most  viable  alternative  to  conventional 
resurfacing.  The  testing  procedure  for  this  study  consisted  of  treating 
the  pavement  by  seven  different  methods  which  included  an  interlayer  of 
screenings,  granular  interlayer  of  two  different  sizes,  open  graded 
binder  interlayer,  replacing  the  surface  entirely,  pulverizing  the 
surface  and  reusing  it,  or  adding  an  enriched  asphalt  mix  to  the  pulverized 
pavement.  The  performance  of  these  surfaces  were  compared  over  a 5-year 
period  with  that  of  a conventionally  constructed  overlay.  Comparisons 
were  made  in  terms  of  the  percentage  of  reflection  cracks  that  appeared 
in  the  control  test  section.  In  the  summary  of  findings  which  is  shown 
in  Table  1,  it  appears  that  surface  pulverization  and  reuse  was  the  most 
cost  effective  of  the  treatments  considered.  It  should  be  noted  that 
the  conclusions  were  based  on  1971  bid  prices  for  five  construction 
methods,  the  life  of  the  initial  investment,  and  the  estimated  maintenance 
costs  necessary  to  keep  the  pavement  in  a usable  condition.  In  the 
comparison  of  performances,  the  control  (untreated)  pavement  was 
assumed  to  have  a life  span  of  10  years. 
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Table  1 


Summary  i-.ferffnc*,  from  Trout  Croak  tost  roau. 


Section 

Treatment 

1976  Cracking 
(percentage  of 
control) 

Construction 

Difficulties 

Extra  Cost* 
(percentage 
of  control) 

Further 

Consideration 

1 

Screenings  interlayer 

72 

Considerable 

27 

No 

2 

7.6-cm  granular  interlayer 

36 

Moderate 

32 

Yet 

3 

15.2-cm  granular  interlayer 

26 

None 

67 

Yes 

4 

Open-graded  binder  interlayer 

81 

None 

0 

No 

5 

Surface  replaced 

10 

None 

23 

Yes 

6 

Surface  pulverized 

4 

Moderate 

31 

Yes 

7 

Surface  pulverized  and  enriched 

3 

Moderate 

86 

Yes 

• 

Conventional  resurfacing 

100 

None 

0 

Control 

Not#  1 cm  * 0 39  to 

*8««d  on  19??  bid  P'>ca  *or  th«  test  road  wcttom 


(After  Ref.  9) 


Heater  Scarification 

In  1970,  the  Arizona  Department  of  Transportation  formulated  a test 

program  on  18  highway  sections  in  order  to  study  the  mechanisms  of 

reflection  cracking  and  to  develop  new  methods  and  materials  for  its 
10 

prevention.  A total  of  twenty  different  existing  pavement  treatments 
and  overlay  compositions  were  investigated.  After  nearly  4 years  of 
service,  a condition  survev  was  made  and  this  included  the  use  of  photo- 
araphy  and  computer  methods . For  certain  combinations  of  conditions  such 
as  temperature  variations,  water  migration,  traffic  intensity,  subgrade 
strength,  etc.,  it  was  concluded  that  heat  scarification  of  the  old 
asphaltic  concrete  pavement  to  a depth  of  0.75  inch  (1,9  cm)  and  its  rejuvenation 
to  200/300  penetration  prior  to  overlay  with  a slow  aging,  lowest 
viscosity  asphalt  (AC  2.5)  was  the  most  effective  means  of  retarding  the 
appearance  of  reflection  cracks.  These  findings  were  based  on  percentages 
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* of  cracks  reflecting  through  a 1.25-inch  (3.2  cm)  overlay  with  a 0.5-inch 

(1.3  cm)  asphalt  concrete  friction  course. 

Additional  results  from  the  test  program  showed  that  an  asphaltic  rubber 
membrane  or  rubber  seal  coat  between  the  overlay  and  friction  course  ranked 
highly  in  the  prevention  of  reflection  cracking.  Also,  one  of  the  five 
best  methods  recommended  by  the  report  was  the  use  of  a fiberglass  membrane 
between  the  existing  pavement  and  the  overlay.  This  performed  more 
efficiently  than  Petromat,  but  presented  more  installation  problems. 

The  results  of  the  comparison  were  clouded  by  the  fact  that  more  asphalt 
was  used  when  fiberglass  was  installed  than  when  the  Petromat  was  installed. 
It  should  also  be  noted  that  all  test  sections  were  not  compacted  to  the 
same  density  and  that  rideability,  rutting,  and  aging  considerations 
should  have  been  evaluated  when  comparisons  of  the  various  test 
sections  were  made. 

Some  of  the  most  intensive  usage  of  the  heater  scarification  process  in 
combination  with  the  addition  of  a plasticizing  agent  has  been  made  on 
airport  pavements  in  the  southwest  region  of  the  United  States.  The 
upgrading  and  overlay  of  old  military  and  civilian  airfields  for  general 
aviation  purposes  have  been  effected  at  Santa  Fe,  Grants,  Las  Vegas, 
Farmington,  Roswell,  and  Hobbs,  in  the  state  of  New  Mexico  and  at  air 
carrier  airports  at  Carlsbad,  New  Mexico,  and  El  Paso,  Texas.  Scarifica- 
tion was  to  a depth  of  3/4  inch  (1.9  cm)  before  overlay.  The  primary 
reasons  for  the  choice  of  this  process  prior  to  overlay  had  been  to 
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create  a positive  and  effective  bond  between  the  old  pavement  and  the 
overlay,  and  to  smooth  out  rough  spots.  However,  a beneficial  byproduct 
has  been  the  retardation  of  reflection  cracks  in  the  new  overlays. 

Reports  state  that  at  an  old  army  airbase  at  Pampa,  Texas,  one  pavement 
constructed  during  the  Second  World  War  was  densely  cracked  with  fissures 
ranging  from  1/4  inch  to  2.0  inches  (0.6  cm  to  5.1  cm)  wide.  This  pave- 
ment was  subjected  to  severe  temperature  variations.  After  it  was 
scarified  and  overlaid  it  became  apparent  that  reflection  cracking  had 
not  occurred  to  the  same  extent  as  it  occurred  at  a Deming,  New  Mexico, 
airport  where  it  was  decided  not  to  scarify.  The  pavement  at  Pampa  is 
reported  to  be  now  10  years  old  with  very  little  reflection  cracking. 
Experiences  in  this  area  also  tend  to  endorse  the  belief  that  heater 
scarification  along  with  the  addition  of  an  emulsifying  agent  is  an 
effective  means  of  inhibiting  reflection  cracking. 
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IV . MODIFICATION  OF  THE  CHARACTER  OF  THE  INTERLAYER 


While  some  emphasis  has  been  placed  on  the  preparation  of  the  base  pavement 
prior  to  overlay,  a great  deal  of  attention  has  now  been  directed  at 
trying  to  change  the  characteristics  of  the  interface  between  base  pave- 
ment and  overlay  in  order  to  reduce  reflection  cracking.  One  reason 
derives  from  the  recognition  that  factors  which  influence  the  amount  of 
strain  developable  in  the  overlay  cross  section  include  the  gage  length 
of  the  overlay  spanning  cracks  or  joints  in  the  base  pavement.  A second 
reason  for  this  focus  of  attention  is  the  belief,  based  on  the  nature  of 
crack  propagation  through  solids,  that  the  growth  of  cracks  from  the  base 
pavement  up  through  the  overlay  can  be  arrested  if  suitably  chosen 
materials  are  placed  in  their  path.  Highway  and  airport  pavement  engineers 
have  applied  thin  layers  of  agricultural  lime,  stone  dust,  sand  and  fabrics 
over  cracked  base  pavements  prior  to  overlay  operations.  This  was  an 
effort  to  reduce  the  bond  stress  between  the  overlay  and  the  pavement 
thereby  increasing  the  span  for  planar  displacement,  and  consequently 
decreasing  the  strain  in  the  overlay,  others  have  applied  granular  material, 
as  large  as  4.0  inches  (10.2  cm)  in  size,  as  an  intermediate  layer  in 
order  to  provide  crack  arrest  and  relief. 

The  literature  abounds  with  accounts  of  field  tests  and  the  success  or 
lack  of  succes,  of  these  methods.  But,  it  is  not  possible  to  determine 
from  these  accounts  what  factors  contributed  to  the  success  or  failure  of 
the  methods.  The  need  for  brevity  in  these  publications,  lack  of 
consideration  of  all  the  factors  peculiar  to  the  pavement  systems, 
varying  construction  techniques,  bias  of  the  observers,  and  lack  of 
scientific  sampling  techniques  make  it  impossible  to  achieve  reproducible 


results.  Consequently,  many  of  the  bond  breaker  techniques  are  reported 
as  reducing  reflection  cracking  at  some  sites  and  the  same  approach  used 
at  another  site  is  reported  as  being  unsuccessful.  Sometimes  the  observers 
are  not  the  same  people,  and  lacking  any  standard  method  for  evaluating 
the  performance  of  the  pavement  overlay,  contradictory  accounts  of  the 
same  pavement  are  reported.  The  gross  nature  of  most  of  the  field  experi- 
mentation has  also  tended  to  mask  subtle  factors  that  might  be  deter- 
ministic of  the  effectiveness  of  the  methods  in  the  prevention  or 
retardation  of  reflection  cracking. 

There  is  no  doubt  that  some  of  these  methods  have  beneficial  effect  on 
the  overlay  with  regard  to  cracking,  but  very  little,  if  any,  attention 
has  been  placed  on  corollary  effects  that  are  not  beneficial  to  the 
overall  performance  of  the  pavement.  Taxiway  exit  ramps  and  runway 
touchdown  areas  are  locations  of  high  horizontal  shearing  forces  and  over- 
reduction of  the  bond  between  overlay  and  base  pavement  due  to  the 
presence  of  a bond-breaker  could  result  in  lateral  dislodgement  of  the 
overlay.  Many  of  the  bond  breakers  are  impervious  membranes  which, 
under  certain  conditions  of  moisture  and  temperature,  could  lead  to  the 
freezing  of  water  trapped  between  overlay  and  membrane  and  result  in 
loss  of  integrity  of  the  overlay. 

The  following  pages  will  give  an  account  of  the  work  done  by  a variety 
of  investigators  to  prevent  reflection  cracks  by  providing  a bond  breaker 
and  crack  relief  layer.  Many  of  these  investigations  are  still  underway 
and  results  are  only  partial. 
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Lime  Dust 


A practice  that  is  sometimes  used  in  reducing  the  incidence  of  reflective 
cracking  is  the  application  of  agricultural  lime  along  joint  lines  of  the 
base  pavement  just  before  overlay.  This  method  has  been  tried  by  highway 
agencies  in  some  western  states  and  at  a taxiway  overlay  at  Tinker  Air 
Force  Base.  According  to  one  oral  report,  a thickness  of  about  an  eighth 
of  an  inch  of  lime  was  placed  on  each  side  of  the  joint  lines  in  the  pave- 
ment to  be  overlaid  at  Tinker  and  the  customary  thickness  of  asphaltic 
concrete  overlay  was  then  laid.  The  lime  dust  was  believed  to  form  a bond 
breaker  which  increased  the  gage  length  of  the  overlay  thereby  reducing  the 
strains  imposed  on  it  by  the  contraction  or  exnansion  of  the  joint  below. 

It  is  also  reported  that  microcracks  appeared  in  the  overlay  at  these 
locations  after  some  time  instead  of  single  large  cracks.  The  effects  of 
lime  on  the  rate  of  aging  of  asphalt  concrete  had  not  been  studied  and 
in  most  cases  where  this  procedure  has  been  applied  follow-up  observations 
have  not  been  systematic. 

Stone  Dust 

One  of  the  earliest  studies  in  the  control  of  reflection  cracking  of 

bituminous  overlays  was  performed  by  the  Los  Angeles  County  Road 
12 

Department  as  early  as  1958.  Investigations  were  based  on  two  approaches, 
namely,  relieving  the  stresses  in  the  overlay  by  incorporating  expanded 
wire  mesh  into  the  overlay,  and  increasing  the  gage  length  for  planar 
movements  by  placing  a bond  breaker  between  the  old  pavement  and  the  overlay. 
The  bond  breakers  utilized  included  26  gauge  sheet  metal,  15-lb  (6.8  kg) 
saturated  building  paper,  0.001-inch  (.03mm)  thick  aluminum  foil. 
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0.004-inch  (.10mm)  thick  wax  paper,  and  stone  dust  finer  than  the  no.  4 


sieve  size.  All  of  these  materials  were  placed  in  strips  over  the  joints 
between  existing  concrete  pavement  slabs  that  were  previously  treated  with 
an  application  of  tack  coat.  It  is  reported  that  considerable  construction 
difficulties  were  encountered  in  laying  the  mesh  and  the  sheet  materials. 
However,  the  tests  were  more  successfully  performed  using  stone  dust 
that  was  deposited  in  the  amount  of  between  1/8  and  1/4  inch  ( . 3 cm  and 
.6  cm)  in  thickness. 


Based  on  the  limited  conditions  of  the  tests,  this  bond  breaker  was 
effective  in  retarding  the  occurrence  of  reflective  cracks  up  to  a period 
of  4 years  after  construction  in  comparison  to  untreated  areas.  The 
problem  of  shoving  of  the  unbonded  overlay  around  curves  and  under  braking 
traffic  was  not  encountered  because  of  the  location  of  the  test  areas. 
Also,  no  problem  of  freezing  moisture,  trapped  in  the  granular  interlayer, 
was  experienced  because  temperatures  seldom  fell  below  freezing. 


Aggregate  Interlayer 

One  of  the  many  methods  developed  to  reduce  reflection  cracking  is  to 
deposit  3/4-inch  (1.9  cm)  uniform  size  coarse  aggregate  on  the  pavement 
just  before  the  hot-mix  asphalt  concrete  overlay.  Craig  Field  in 
Jacksonville,  Florida,  is  a general  aviation  airport  with  100,000  opera- 
tions annually.  When  one  of  its  pavements  had  to  be  rehabilitated 
because  of  severe  cracks  resulting  from  weathering  and  load  applications 
over  a 30-year  period,  it  was  decided  that  construction  should  include 
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measures  to  reduce  the  likelihood  of  the  cracks  reflecting  through  the  new 
overlay.  The  plans,  therefore,  required  the  removal  of  vegetation  from 
the  cracks,  removing  sand  from  the  cracks,  filling  these  cracks  with  an 
asphalt  slurry  seal,  and  then  applying  a uniform  size  coarse  aggregate 
before  topping  off  with  3-1/2  inches  (8.9  cm)  of  asphalt  concrete. 

After  4 years  of  operation,  the  performance  was  reported  to  be  excellent 
and  a minimum  of  cracks  reappeared.  The  performance  is  attributed  to 
the  presence  of  the  interlayer  and  its  influence  in  preventing  the  transfer 
of  stresses  from  the  old  pavement  to  the  overlay.  However,  other  airports 
such  as  those  in  Wilmington,  NC,  and  in  Macon,  GA,  have  had  keystone  mats 
with  particles  ranging  from  3/8  to  1/2  inch  (1.0  to  1.3  cm)  placed  on 
the  pavement  before  overlay  and  it  has  been  reported  that  this  had  no 
effect  in  reducing  reflection  cracking.  It  should  be  noted,  also,  that 
this  interlayer  constitutes  a permeable  course  which  is  undesirable  and 
disallowed  for  certain  applications  in  civil  airport  pavement  construction. 

Arkansas  Method 

A procedure  requiring  an  open  graded  interlayer  is  one  that  is  popular  in 
some  of  the  southeastern  states.  Historically,  when  much  road  work  had 
to  be  accomplished  without  the  benefit  of  heavy  earth  moving  machinery, 
large  stones  were  placed  on  the  roadbed  and  then  secured  in  place  with 
a steam  roller.  Hot  asphalt  was  then  poured  from  buckets  into  the  large 
voids  between  the  aggregate.  The  application  of  this  procedure  to  prepare 
the  road  surface  for  an  overlay  was  first  introduced  in  Tennessee  in  1950 
and  after  about  20  years  was  adopted  by  the  State  of  Arkansas.  An 


extension  of  this  procedure,  commonly  referred  to  as  the  Arkansas  method, 
requires  for  the  rehabilitation  of  pavements,  an  interlayer  consisting  of 
large  size  aggregate  (up  to  4.0  inches,  10.2  cm,  across)  which  is  later 
covered  by  a dense-graded  leveling  course.  This  course  is  then  topped 
off  with  a standard  bituminous  surface  course  of  sometimes  minimal  thick- 
ness. In  some  projects,  it  has  been  reported  that  aggregates  as  large 
as  6.0  inches  (15.2  cm)  have  been  used  and  the  bituminous  surface  thickness 
applied  above  this  has  reached  as  much  as  4.0  inches  (10.2  cm).  Total 
pavement  thicknesses  of  as  much  as  10.0  inches  (25.4  cm)  are  not  uncommon 
and  it  has  been  claimed  that  none  of  the  original  cracks  has  reflected. 
Highway  engineers  familiar  with  the  method  attribute  the  effectiveness 
to  the  ability  of  the  large  stones  to  act  as  a dissipating  barrier  to  the 

transmission  of  cracks  from  the  old  underlying  pavement  up  through  the 
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overlay. 

One  of  the  difficulties  encountered  in  this  procedure  is  the  provision 
of  the  means  to  drain  the  crack  relief  layer  which  contains  from  25  to 
35  percent  of  inplace  air  voids.  To  relieve  potentially  high  hydrostatic 
pressures,  this  layer  is  generally  carried  out  into  the  shoulder  area  of 
the  pavement,  or  underground  drains  are  provided  near  the  edge  of  the 
pavement  to  conduct  water  away  from  the  open  graded  layer.  It  has  been 
recommended^5  that  compaction  of  this  course  be  effected  only  with  static 
rollers  (4  to  10  tons,  36  to  89  kN,  in  weight)  and  that  one  complete 
coverage  is  sufficient.  Overcompaction  of  the  layer  may,  it  is  stated, 
reduce  the  required  high  air  void  ratio  which  is  the  vehicle  by  which 
cracks  in  the  lower  pavement  structure  are  isolated.  There  is  no  record 
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of  the  application  of  this  method  to  civil  aviation  airport  pavements. 

The  worst  cases  of  reflection  cracking  are  associated  with  the  addition 
of  thin  overlays  (about  2.0  inches,  5.1  cm,  or  less  thick)  to  badly  cracked 
existing  asphalt  concrete  or  portland  cement  concrete  pavements.  This  type 
of  cracking  has  less  often  been  a problem  on  thicker  overlays.  In  areas 
where  4-inch  (10.2  cm)  thick  overlays  have  had  to  be  feathered  out  to  2.0 
inches  (5.1  cm)  or  less,  reflection  cracks  appear  only  in  those  areas 
covered  by  the  thinner  overlays  and  disappear  where  the  overlay  became 
thicker.  Also,  many  highway  and  general  aviation  airport  newly  constructed 
pavements  are  not  thicker  than  these  Arkansas  overlays  and  have  given 
excellent  service  when  the  subgrades  are  of  acceptable  quality.  It  would 
appear  that  the  Arkansas  overlay,  by  virtue  of  its  very  thickness  and  the 
fact  that  it  is  installed  over  a pavement  that  had  been  in  operation  for 
some  time,  would  not  be  susceptible  to  reflection  cracking  even  without 
consideration  of  dissipation  of  stresses  due  to  the  presence  of  the  large 
aggregate  masses. 

The  Asphalt  Institute  has  published  a construction  leaflet'*'"*  describing 
one  of  these  methods  which,  according  to  the  leaflet,  is  an  effective 
means  for  combating  reflection  cracking.  A typical  cross  section  is  shown 
in  Figure  7 and  the  recommended  gradation  is  reproduced  in  Table  2. 
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Oense-graded  asphalt  concrete 
surface  course:  1.5  in.  (4  cm) 


Oense-graded  asphalt  concrete 
levelini  course:  2 in.  (5  cm) 


Asphalt  crack-relief  layer:  3.5  in. 

(9  cm) 


Existing  Pavement 


Cross-section 

CRACK-RELIEF  LAYER  OVERLAY  SYSTEM 


Figure  7 
(After  Ref.  15) 


TABLE. 2 

GRADATION  REQUIREMENTS 
(After  Ref.  15) 


Sieve 

Percent  Pasting 

i 

j 

A 

B 

1 

c ! 

3 in.  (76  mm) 

100 

- 

- i 

2-1/2  in.  (64  mm) 

95  100 

100 

- 

2 in.  (50  mm) 

- 

- 

100 

1-1/2  in.  (38.1  mm) 

30  70 

35  70 

75  90 

3/4  in.  (19  mm) 

3 20 

5-20 

50  70 

3/8  in.  (9.52  mm) 

0-5 

- 

~ 

No.  4 (4.75  mm) 

- 

820 

No.  8 (2.36  mm) 

- 

as 

- 

No.  100  (150  pm) 

- 

- 

05 

No.  200  (75  pm) 

0 3 

— 

Asphalt  Cement  Content 
(AC-40) 

(AR-8000) 

1.5-30% 

1 

Aggregate  Required 


. Surface  Texture: 


Sound  angular  crushed  stone,  crushed  gravel,  oi  crushed  slag 
Very  open  and  porous  (requires  covering) 


. A 
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Fabrics 

The  likelihood  that  sheet  material  in  the  form  of  woven  or  non-woven 
material  will  act  as  a crack  relieving  material  has  led  to  an  enormous 
field  testing  campaign  to  investigate  its  effectiveness  in  reducing 
reflection  cracking.  Historically,  fabrics  had  been  very  successful  in 
other  engineering  applications  such  as  subgrade  restraint,  earth  reinforce- 
ment, erosion  control  and  water  proofing;  but,  their  application  as  a 
strengthening  material  to  increase  the  tensile  strength  of  pavements  and  to 
reduce  reflection  cracking  is  only  a very  recent  enterprise. 

For  all  applications,  more  than  6.0  million  square  yards  of  fabric  were 

used  in  1976  and  about  15  million  in  1977.  Today,  there  are  at  least  seven 

major  United  States  corporations  manufacturing  fabrics  from  such  materials 

as  polypropylene,  polyvinylidene  chloride,  nylon  or  polyester.  A Table 

prepared  by  the  United  States  Forest  Service,  and  included  in  Appendix  A, 

shows  some  of  the  physical  properties  of  20  styles  offered  by  11  suppliers.^"6 
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Because  of  this  wide  usage,  the  Federal  Highway  Administration  and  some 
manufacturers  have  developed  specifications  for  the  guidance  of  state  and 
local  highway  and  public  works  agencies.  At  present,  these  specifications 
do  not  include  criteria  directed  at  reducing  reflection  cracking  although 
some  unproved  manufacturers'  standards  exist  to  effect  this  end. 

The  possible  effectiveness  of  fabrics  such  as  Petromat  tc  prevent  reflection 
cracking  has  led  to  their  installation  in  overlay  projects  on  an  experimental 
basis  at  many  civil  aviation  airports,  military  airfields,  and  on  roadway 
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systems  ir.  several  states  from  Maine  to  Texas  and  from  New  York  to 
California.  As  in  previously  cited  methods,  the  results  have  been 
contradictory  and  their  reproducibility  can  never  be  achieved.  It  would 
appear,  however,  that  when  applied  over  small  cracks  on  asphaltic  base 
pavements  more  success  has  been  experienced  with  some  of  these  materials 
than  when  they  are  placed  over  jointed  concrete  base  pavements.  Many 
agencies  such  as  the  Georgia  Department  of  Highways  have  had  better 
success  with  fabrics  manufactured  as  adhesive  strips  which  are  placed 
over  pavement  joints  than  with  sheets  that  are  spread  over  the  whole 
pavement. 

Petromat  is  a non-woven  polypropylene  fabric  manufactured  by  the 
Philipr.  Petroleum  Company.  According  to  the  literature,  this  sheet  fabric 
appears  to  be  the  most  widely  field  tested  material  on  airport  and  highway 
overlay  projects.  An  interview  with  cognizant  personnel  revealed  that 
some  was  laid  in  a test  section  at  Tampa  International  Airport  in  1977. 

The  area  chosen  for  the  test  was  over  a concrete  taxiway  that  had  several 
load  related  cracks  and  which  had  to  be  overlaid  with  2.0  inches  (5.1  cm) 
of  asphalt.  In  order  to  establish  cross  slope,  this  thickness  was  tapered 
down  to  1.0  inch  (2.5  cm)  towards  the  edge  of  the  pavement.  An  inspection 
of  the  control  area  has  revealed  the  presence  of  reflection  cracks 
corresponding  to  joints  in  the  rigid  pavement  below.  But  these  cracks 
are  more  severe  in  the  thinner  portion  of  the  overlay  and  seem  to  be  much 
narrower  in  the  thicker  portion.  Where  Petromat  was  laid,  the  cracks 
which  were  progressing  from  the  edge  of  the  pavement  stopped  at  the 


point  where  the  Petromat  began.  While  it  is  clear  that  some  factor  was 


operating  to  cause  the  disappearance  of  the  cracks  where  the  Petromat 
began,  it  cannot  be  clearly  identified  because  the  overlay  thickness  was 
not  constant  and  the  edge  of  the  fabric  corresponded  with  the  location 
of  much  of  aircraft  wheel  traffic. 


In  this  same  year,  another  test  section  with  Petromat  was  installed  at  an 
airport  in  Wilmington,  N.C.  The  base  oavement  was  of  flexible  desicrn  and 
was  built  by  the  Navy  in  1952.  Severe  distress  was  evident  from  the  larqe 
number  of  cracks  over  the  surface  and  it  was  decided  that  overlaying  with 
5.0  inches  (12.7  cm)  of  asphalt  concrete  could  rehabilitate  it. 

Three  sections  of  pavement,  each  20,000  sequare  feet  (1,860  sequare  meters) , 
were  provided  to  observe  the  performance  of  Petromat,  keystone  mat,  and 
a control  section.  The  pavement  has  been  in  service  since  1977  and 
reflection  cracks  have  not  appeared  in  any  of  the  three  types  of  test 
locations.  It  is  considered  that  while  this  period  of  service  is  not 
sufficiently  long  for  any  definitive  conclusion  to  be  reached,  it  is  safe 
to  conclude  that  factors  such  as  extra  mat  thickness,  grade  of  asphalt, 
which  were  common  to  all  sections,  were  of  such  a magnitude  as  to 


accommodate,  without  cracking,  the  amount  of  movement  that  the  pavement 
would  ordinarily  experience.  It  should  also  be  noted  that  at  this  air- 


port, and  at  about  the  same  time,  Petromat  was  applied  over  a parallel 
jointed  concrete  pavement  before  5.0  inches  (12.7  cm)  of  asphalt  concrete 


was  laid.  It  was  observed  soon  after  construction  that  the  overlay 
reflected  cracks  over  the  expansion  joints.  At  an  area  of  pavement  where 
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7.0  inches  (17.8  cm)  of  overlay  was  installed,  no  cracks  have  been  observ- 
ed (even  over  the  expansion  joints  in  the  base  pavement) . It  would  appear 
that  a greater  thickness  of  overlay  on  jointed  concrete  pavement  is  requir- 
ed to  prevent  reflection  than  on  flexible  pavements,  all  other  conditions 
remaining  the  same.  Personnel  from  the  Waterways  Experiment  Station  have 
inspected  the  pavements  at  these  projects  and  have  concluded  that  Petromat 

appears  to  be  more  effective  on  asphalt  over  asphalt  than  on  asphalt  over 
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jointed  concrete  in  retarding  reflection  cracking. 

Most  of  the  field  observations  on  the  use  of  Petromat  has  been  conducted 

by  state  highway  agencies  under  programs  administered  by  the  Federal 

Highway  Administration.  One  of  the  earliest  efforts  was  performed  by  the 
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Colorado  Division  of  Highways.  Studies  here  between  1971  and  1976 
indicated  that  there  was  some  evidence  that  sheet  type  material  may  have 
some  effectiveness  in  reducing  reflection  cracking  under  certain  circum- 
stances. Yet,  the  results  were  not  based  on  an  experimental  design  so  that 
other  factors  could  be  similar  in  the  test  sections  as  in  the  control 
section.  For  example,  there  was  considerable  use  of  leveling  courses  which 
effectively  increased  the  thickness  of  material  over  the  existing  cracks. 
There  was  also  some  flushing  in  the  wheel  paths  of  pavements  under  obser- 
vation and  this  would  effectively  conceal  any  cracks  that  would  otherwise 
develop.  Also,  the  fabric  was  not  laid  in  the  passing  lane  because  of 
fewer  cracks  there;  yet,  it  is  reported  that  some  reflection  cracks 
developed  here  and  were  arrested  at  the  edge  of  the  driving  lane  which 
had  been  laid  with  the  fabric. 
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Other  field  testing  sites  where  the  effects  of  fabric  as  a stress  reliev- 
ing device  to  reduce  reflection  cracking  have  been  studied  include 
Florida,  Iowa,  California,  South  Dakota,  Arizona,  and  Texas.  During 
one  project  in  Texas,  two  to  three  miles  (3.2  to  4.8  km)  of  fabric  over 
a width  of  50  feet  (15.2  m)  were  laid  in  one  day.  The  total  cost  of  the 
project  including  the  installation  of  3.0  inches  (7.6  cm)  of  bituminous 
overlay  was  $1.13  million.  Petromat  installation  here  necessitated  an 
expenditure  of  $250,000.  These  expenditures  were  planned  in  the  hopes 
of  extending  the  life  of  the  pavement  by  up  to  100  percent  (from  5 
years  to  10  years) . 

A summary  of  state  highway  experience  with  Petromat  is  included  in  Appendix  B. 
It  has  become  evident  from  reports  on  the  various  tests  that  no  definite 
conclusions  can  be  drawn  from  the  collective  results  of  all  the  tests.  In 
some  instances  it  would  appear  that  this  fabric,  and  others  like  it,  such 
as  Mirafi,  is  effective.  But,  in  an  apparently  similar  situation  at 
another  location,  results  contradict  previous  conclusions.  In  a memorandum 
issued  in  1978  by  the  Federal  Highway  Administration,  it  was  concluded  that 
because  of  contradictory  results  and  insufficient  quantitative  data, 
criteria  for  the  use  of  fabrics  to  reduce  reflection  cracking  cannot  be 
developed  and  their  use  on  pavements  must  remain  on  an  experimental  basis. 

However,  on  the  basis  of  interviews  with  cognizant  personnel  engaged  in 
research  in  the  Georgia  Department  of  Transportation,  it  is  evident  that 
"strip  type"  adhesive  fabrics,  such  as  Bidim  and  others  like  it,  have  been 
effective.  It  is  reported  that  placing  strips  over  the  joints  in  existing 
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concrete  pavements  prior  to  overlay  has  not  only  kept  water  out  of  these 
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joints  but  cracks  that  miqht  reflect  throuqh  the  overlay  are  finer  (but 
more  numerous)  than  those  in  the  base  pavement.  But,  other  reports  from 
different  sources  indicate  that  when  narrow  strip  type  fabrics  are  install- 
ed over  pavement  joints,  instead  of  one  crack  reflectinq,  two  appear  after 
a very  short  period  of  time. 

Although  results  of  field  tests  have  not  been  sufficiently  reliable  for 
the  development  of  standards  on  the  use  of  fabrics  to  reduce  reflection 
cracking,  many  manufacturers  have  developed  recommended  procedures  for 
their  installation.  These  procedures  were  developed  partly  from  previous 
performance  and  partly  from  laboratory  research  that  they  sponsored. 

One  of  these  procedures  involves  the  quantity  of  asphalt  that  should  be 
used  as  tack  coat  prior  to  the  layinq  of  the  fabric.  Table  3 which  is 
reproduced  from  an  interim  report  published  by  the  Texas  Transportation 
Institute  suqqests  variations  in  the  amount  of  asphalt  required  on  a 
pavement  based  upon  its  surface  condition.  It  has  been  reported  that 
the  thickness  of  tack  coat  is  a critical  factor  in  the  ease  of  installation 
of  fabrics  at  many  sites  and  it  has  also  been  sugqested  that  effectiveness 
of  the  fabric  as  a stress  relieving  device  also  depends  on  this  factor. 

The  grade  of  asphalt  used  as  a tack  coat  is  also  considered  to  be  an 
important  factor  which  determines  effectiveness.  It  has  been  recommended 
that  the  grade  should  be  one  which,  in  combination  with  factors  such  as 
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pavement  and  mixinq  temperatures,  will  have  sufficient  viscosity  to 
keep  the  membrane  in  place  but  still  be  able  to  penetrate  the  fabric. 

Too  soft  a grade  will  bleed  throuqh  the  fabric  and  too  hard  a grade 
tends  to  inhibit  the  fabric  from  acting  as  a stress  relieving  material. 
Figure  8,  reproduced  from  an  American  State  Highway  and  Transportation 
Officials  publication,  has  been  recommended  as  applicable. 

Some  research  sponsored  by  Monsanto  Textiles  Corporation,  u manufac- 
turers of  Bidim,  has  led  to  recommendations  relating  fabric  properties  with 
their  applications.  It  is  not  clear  what  percentage  of  cracks  can  be 
successfully  retarded  from  reflection  when  these  properties  are  maintained. 
Some  of  the  recommendations  are  reproduced  and  shown  in  Table  4. 

A great  deal  of  laboratory  and  theoretical  research  has  been  conducted 
at  the  Ohio  State  University  on  the  use  of  fabric  reinforcement  to 
optimize  the  performance  of  asphalt  concrete  overlays.  A ' The 
essential  objectives  of  the  research  program  were  to  develop  and  verify 
a mechanistic  model  using  fracture  mechanics  to  predict  the  life  expect- 
ancy of  flexible  pavement  structures  and  to  investigate  the  effect  of 
Petromat  on  the  performance  of  overlays  on  jointed  concrete  base  pavements. 
These  studies  were  sponsored  by  the  Federal  Highway  Administration  and, 
with  respect  to  Petromat,  by  the  Philips  Petroleum  Company.  Some  of  the 
important  results  were  that  this  fabric  acts  effectively  as  a crack  arrest 
material  and  increases  the  fatigue  life  of  laboratory  specimens  by  up  to 
12  times  at  operational  stress  levels.  While  the  effectiveness  in  fatigue 
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Asphalt  Application  Rate  Correction  Due  to  Existing  Pavement 


*Putty  Method 

**Correc'tion  to  standard  tack  coat  of  0.18  gal/yd 


TABLE  4 

SUGGESTED  SPECIFICATIONS  f6r  ENGINEERING  FABRICS 
(OR  PLASTIC  FILTERCLOTH) 

IN  VARIOUS  APPLICATIONS 


(After  Ref.  20) 


resistance  was  demonstrated  in  these  tests,  research  to  investiqate  the 
effectivenss  in  retarding  reflection  cracking  is  said  to  be  necessary. 


The  following  are  some  conclusions  reached  by  the  Federal  Highway 
Administration  concerning  fabrics  in  overlay  projects.  They  are  quoted  from 
the  memorandum  already  mentioned. 


" The  conclusions  reached  in  1976  regarding  the  effectiveness 
of  Petromat  when  used  with  thin  asphalt  concrete  layers  are 
still  valid  for  alligator-type  cracking.  Petromat  covered  with 
1"  of  asphalt  concrete  performs  about  equal  to  a 2 inch  mat 
without  Petromat.  In  some  cases  this  has  provided  a 100 
percent  increase  in  the  life  of  the  overlay. 

The  performance  of  thicker  lifts  of  asphalt  concrete,  2"  or 
more,  over  Petromat  have  not  been  adequately  evaluated  as  yet 
because  the  life  of  2"  or  more  overlays  greatly  increases  the 
life  of  the  overlay  without  Petromat.  Some  projects  are  in 
progress  but  it  may  take  2 to  3 years  before  data  is  available 
for  a decision. 

The  performance  of  Petromat  over  asphalt  concrete  transverse 
thermal  cracks  has  not  been  as  promising  as  it  has  over  the 
smaller  block  or  alligator-type  cracks.  Projects  such  as 
Route  395  near  Doyle  in  California  and  1-20  near  Odessa,  Texas 
show  definite  improvement,  particularly  in  the  early  years. 

As  the  pavements  become  older  and  the  asphalt  harder,  transverse 
cracks  begin  to  develop  but  at  a slower  rate  than  the  controls. 

The  use  of  2"  or  thinner  layers  over  Petromat  on  portland 
cement  concrete  have  not  proved  effective  as  a crack  retardant. 
The  one  year  old  Georgia  1-85  experiment  indicates  that  at 
least  4"  should  be  used  as  a cover  with  Petromat  (6"  without 
Petromat).  These  relationships,  however,  may  change  with 
additional  years  of  service. 

Petromat  continues  to  give  good  service  when  used  as  a 
maintenance  tool  under  a chip  seal  coat  in  both  Texas  and 
Cal ifornia. 

Evidence  developed  to  date  in  experimental  projects  indicated 
that  the  average  performance  of  materials  such  as  Mirafi, 
Petromat,  or  Structofors  is  quite  similar. 
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When  properly  placed,  Petromat  provides  a waterproof  barrier 
between  the  surface  and  base. 


The  use  of  Petromat  under  ODen  araded  asDhalt  concrete  shows 
promise  of  Drovidinq  both  a hiah  skid  resistance  and  a water 
barrier  to  the  passage  of  water  into  the  base. 

Based  upon  the  North  Carolina  US  70  project,  there  is  very 
little  difference  in  performance  between  continuous  Petromat  and 
and  strips  placed  only  over  cracks." 


It  should  be  noted  that  these  conclusions  were  based  on  results  of 
highway  pavements  which  differ  from  air  carrier  pavements  in  terms  of 
subgrade  classification,  types  of  aggregates  and  gradation  in  base 
and  sub-base,  mix  design  and  compaction  requirements  of  the  surface 
course,  and  repetition  and  intensity  of  wheel  loads.  However,  they  are 
not  contradictory  of  airport  pavement  experience. 
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V . MODI FICATION  OF  OVERLAY  MATERIAL  PROPERTIES 


/ 


Since  environmental  and  traffic  related  forces  cannot  usually  be 
manipulated,  some  attention  has  been  directed  at  changing  the  material 
characteristics  of  the  overlay  with  a view  towards  making  it  more 
ductile  or  more  tolerant  of  certain  types  of  strains.  This  has  been 
effected,  traditionally,  by  increasing  the  asphalt  content  of  the  mix 
with  due  regard  to  some  undesirable  effects  that  may  arise,  or  by 
specifying  softer  grades  of  asphalt. 

However,  certain  areas  of  industry  have  thrust  upon  pavement  design  and 
construction  some  types  of  additives  that  are  either  waste  products  or 
byproducts  of  the  industrial  process.  Specifically,  these  are  rubber  from 
discarded  tires  and  sulfur  resulting  from  the  mining  of  coal.  The  incor- 
poration of  these  materials  into  the  pavement  overlay  mixture  has  resulted 
in  economies  in  the  amount  of  asphalt  cement  required  and  has  also  increas- 
ed stability,  resilience  and  resistance  to  fatigue  and  low  temperature 
cracking. 

The  search  for  ways  of  inhibiting  reflection  cracking  of  overlays  has 
also  led  to  field  trials  of  expanded  metal  or  wire  fabric  placed  inside 
the  overlay.  No  design  criteria  or  means  of  analysis  of  stress  in  the 
composite  overlay  system  exist  and  the  reinforcement  quantities  have 
been  determined  by  trial  and  error  only.  Whil’  it  has  not  been  standard 
practice  to  reinforce  bituminous  overlays  with  steel  elements,  some 
localities  in  the  Southwest  have  reported  success  in  reducing  the  size 
of  reflection  cracks. 


<M 
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Rubber  Asphalt 

Rubber  asphalt  has  been  used  at  Phoenix  International  Airport  as  a surfac- 
ing material  over  an  asphal*  base  pavement  that  was  showing  signs  of 

severe  distress.  The  overlay  which  consisted  in  the  addition  of  crumb 
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rubber  to  the  hot  asphalt  mixture  was  completed  in  1966.  Reports  state 
that  this  overlay  has  been  performing  excellently.  Other  reports  of 
projects  in  Arizona  where  rubber  asphalt  surfaces  have  been  used  state 
that  they  have  not  only  resisted  fatigue  cracking  effectively  but  have 
prevented  reflection  cracking  as  well. 

Much  of  the  early  work  with  rubberized  asphalt  was  directed  at  finding  a 
means  of  reducing  fatigue  type  cracking  and  in  the  early  1960 's  highway 
agencies  such  as  the  Arizona  Department  of  Transportation  initiated 
projects  to  investigate  the  effects  of  up  to  25  percent  of  ground  recycled 
rubber  in  the  asphalt  mix.  Field  testing  consisted  of  spreading  a thin 
coating  of  the  mixture  over  the  cracked  pavement  and  then  covering  it 
with  chips  to  form  a wearing  course.  The  concept  was  applied  to  the 
prevention  of  reflection  cracking  by  the  Department  in  1968  on  an 
access  road  and  on  a service  road  and  was  found,  after  8 years  of  service, 
to  be  very  effective.  Thermal  and  shrinkage  cracks  did  reflect  throuah  the 
seal  coat  but  they  were  narrow  and  few  in  number. 

An  improvement  in  the  procedures  associated  with  the  use  of  asphaltic 
rubber  was  in  the  introduction  of  kerosene  in  small  quantities  to  increase 
ease  of  application  and  wetting  of  the  chips.  Laboratory  tests  demonstrated 
that  crumb  rubber  between  the  U.  S.  #25  and  #40  sieves  mixed  with  asphalt 
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and  held  at  190  degree  C for  20  minutes  increased  in  volume  by  100 

percent  and  became  softer  and  more  elastic.  Good  performance  was 

believed  to  be  due  to  the  fact  that  individual  particles  coalesced  with 

time  and  reacted  in  strain  as  continuous  fibers.  The  addition  of 

kerosene  also  caused  a large  drop  in  viscosity  but  the  decrease  had 

been  seen  in  these  observations  to  be  temporary  and  the  initial  viscosity 
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was  regained  in  one  to  two  hours. 

A qreat  deal  of  laboratory  investiqations  has  been  sponsored  bv  Canadian 

hiqhwav  authorities  to  determine  the  material  characteristics  of  mixtures 

combininq  hot  asphalt  and  vulcanized,  as  well  as  unvulcanized,  rubber. 

These  investiqations  reveal  that  there  is  a loss  in  Marshall  stability 

in  specimens  so  formed  but  that  there  is  an  increase  in  ductility, 
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resilience  and  touqhness  over  conventional  asphaltic  mixes.  It  has 
been  suqqested  that  this  chanqe  in  material  properties  permits  flexural 
and  planar  movements  of  the  surface  course  without  exceedinq  rupture 
strengths  and  is  particularly  desirable  where  low  temperature  crackinq  is 
a problem.  Where  reflection  crackinq  is  not  a symptom  of  loss  of 
structural  support  in  the  base  pavement,  this  material  has  been  known 
to  be  effective  in  reducing  reflection  cracking. 

In  other  efforts  undertaken  to  correct  reflection  cracking,  some  engineers 
specify  that,  in  addition  to  a new  asphaltic  overlay,  a coating  of 
specially  prepared  composition  be  applied  as  a seal  against  the  ingress 
of  water  and  as  a protector  of  the  pavement  against  oxidation.  Ruberized 
protective  coating  is  commonly  applied  in  the  southeastern  region  of  the 


United  States  and  to  some  extent  in  the  Rocky  Mountain  region.  The 


effectiveness  of  this  procedure  derives  from  the  composition  of  the 
seal  coat.  In  most  cases,  it  consists  of  a coal  tar  pitch  emulsion  with 
equal  quantities  of  water  and  a proprietary  additive  that  will  keep  solid 
particles  in  suspension.  Sand  is  added  to  the  slurry  in  the  amount  of  16  lb.  per 
gallon  Cl, 9 kg.  per  litre)  of  coal  tar.  For  greater  skid  resistance  and 
workability,  the  sand  is  recommended  to  be  of  a size  between  the  U.  S. 

#30  and  #20  sieves.  The  additive  which  keeps  the  sand  in  suspension 
consists  of  an  acrylonitrille/butadiene  copolymer  latex  having  particle 
sizes  of  very  small  dimensions  (400  to  1,000  angstroms  or  4 x 10_6cm  to 
10  x 10"6cm) . 

Protective  coatings  1/8-inch  (3.2  mm)  in  thickness  have  rendered  high 
skid  resistances  to  newly  overlaid  pavements  and  by  reports  mu-meter 
readings  vary  from  0.5  to  0.7.  The  coating  will  help  to  prevent  surface 
oxidation  of  asphalt  pavements  and  inhibit  softening  or  erosion  due 
to  spillage  or  drippage  of  petroleum  derivatives.  Manufacturers' 
recommendations  require  two  applications  of  composition  including  sand 
and  one  without  sand  along  with  a 50  percent  cutback  in  latex  content. 

The  effect  of  coatings  of  this  type  in  reducing  the  reappearance  of 
cracks  is  being  investigated  by  test  pavements  at  Miami  International 

Airport.  It  is  believed  by  the  engineering  contractors  that  the  • V 

resilient  coating  of  latex  will  render  greater  tolerance  of  temperature 
and  load  related  strains  and  therefore  will  not  crack  as  readily  as  an 
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uncoated  pavement. 


Sulfur 


Sulfur  is  a material  in  plentiful  supply  as  a rsult  of  increased  mining 
activity.  Its  utilization  as  a paving  material  has  been  investigated  and, 
in  fact,  has  been  incorporated  into  asphalt  concrete  mixes  in  certain 
localities  on  an  experimental  basis.  It  has  been  found  that  small  pro- 
portions of  sulfur  increase  the  Marshall  stability  of  the  mix  but  the 
effect  on  reducing  reflection  cracking  is  not  known. 

Much  of  the  interest  focused  on  sulfur  as  an  asphalt  extender  has  come 

from  the  major  oil  companies,  the  mining  industry  and  federal  agencies 

such  as  the  FHWA  and  the  Bureau  of  Mines.  Some  of  the  sponsored  research 

have  revealed  that  sulphur  asphalt  mixes  have  up  to  twice  the  Marshall 

stability  of  those  with  regular  asphalt,  with  no  loss  in  Marshall  flow. 

The  result  of  this  improvement  in  material  properties  may  therefore 

permit  the  use  of  lower  penetration  asphalts,  lower  mixing  temperatures, 
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lower  quality  aggregates,  and  reduced  pavement  thicknesses.  In  addition 
to  these  benefits,  it  has  been  found  that  sulfur  asphalt  mixes  impart 
a higher  fatigue  life  to  the  pavement  and  are  resistant  to  low  temperature 
cracking.  ' Althouqh  many  full  scale  tests  have  been  conducted  in 
Nevada,  Texas  and  Michigan,  only  in  some  Provinces  of  Canada,  do  objectives 
specifically  include  monitoring  for  performance  with  respect  to  the 
prevention  of  reflection  cracking.  A one  mile  (1.6  km)  test  section 
in  Winfield,  Alberta  that  was  constructed  in  1974  is  said  to  be 
performing  excellently. 
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/ Steel  Reinforcing  in  the  Asphalt  Concrete  Overlay 

A persistent  problem  of  longitudinal  cracking  between  new  overlays  and 
new  construction  has  always  occurred  when  a pavement  is  widened.  As 
e=>rlv  as  3 decades  ago,  the  Iowa  State  Highway  Commission30  investigated 
the  effects  on  reflection  cracking  of  welded  wire  fabric  along  the  inter- 
section between  the  old  and  new  pavement,  and  delaying  the  application 
of  the  asphaltic  overlay  on  the  widened  portion.  It  was  concluded  that 
the  use  of  the  fabric  reinforcement  did  reduce  the  number  of  cracks 
appearing  after  2 years.  However,  the  pavements  surveyed  were  not 
designed  as  experimental  projects  and  the  number  of  samples  in  any  one 
category  generally  included  at  least  two  independent  variables,  or  where 
only  one  variable  was  present  the  number  of  samples  was  too  small  to 
permit  any  definitive  conclusion. 

Some  similarity  in  experience  with  wire  fabric  in  asphaltic  concrete 
overlays  was  also  encountered  in  test  sections  at  Lake  City  by  the 
Florida  State  Road  Department. 31  One  of  the  objectives  of  a study  in  1959 
was  to  ascertain  if  steel  reinforcement  placed  at  mid-depth  in  the  mat 
between  old  pavement  and  the  widened  section  would  inhibit  the  appearance 
of  longitudinal  cracks  at  the  junctions.  The  conclusion  was  that 
while  the  presence  of  steel  added  a large  cost  to  the  project  there 
were  some  beneficial  effects  and  although  some  cracks  did  reflect 
they  were  small  and  had  the  same  pattern  as  the  mesh  below.  These  were 
also  small  enough  to  enable  the  kneading  action  of  traffic  to  close  them 
thereby  preventing  ingress  of  water  into  the  pavement.  If  there  is  enough 
material  above  the  reinforcement,  the  effects  of  joint  movement  will 
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not  be  evident  at  the  top  surface  of  the  mat.  If  there  is  insufficient 


thickness  of  material,  then  tensile  strains  will  be  apparent  at  the  top 
surface  and  rupture  of  this  surface  will  result  depending  on  the 
fracture  strength  of  the  overlay. 


! 
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Synthetic  Fibres 

Synthetic  fibres,  manufactured  from  nylon  and  polyester,  have  been 
introduced  into  hot  mix  bituminous  material  in  an  effort  to  reduce  the 
incidence  of  reflection  cracking.  The  most  frequent  usage  of  these 
materials  appears  to  be  by  some  municipal  and  state  highway  authorities 
when  sections  of  city  streets  or  highways  are  to  be  overlaid.  No 
application  of  this  method  to  general  aviation  airport  pavements  is  on 
record.  While  nylon  fibres  have  shown  some  effectiveness,  it  has  proved 
to  be  too  expensive  and  the  use  of  synthetic  fibres  is  now  limited  to 
polyester  fibres  only. 


In  1976,  the  Delaware  Division  of  Highways23  initiated  a study  to  determine 
the  influence  of  different  lengths  of  fibres  in  the  hot  mix  on  reflection 
cracking  of  bituminous  overlays  over;  portland  cement  concrete  pavements. 

The  four  types  of  materials  tested  included  nylon  or  polyester  fibres 
of  0.25  or  0.50  inch  (6.3  or  12.7  mm)  in  length  and  0.00085  inch  (0.02 
mm)  in  diameter.  Some  of  the  test  sections  also  included  randomly  cut 
fibres.  (The  research  in  Delaware  profited  from  the  results  of  prior 
research  in  Pennsylvania  where  the  Township  of  Lower  Merion  introduced 
synthetic  fibres  into  the  asphaltic  concrete  mix  for  overlaying  a city 


street  with  a 1.0  inch,  2.54  cm,  thick  wearinq  course.)  Conclusions 
were  that  fibres  lonqer  than  0.50  inch  (1.3  cm)  tended  to  clump  together 
in  the  hot  mix  and  that,  for  the  wearing  course,  the  bituminous  mix 
should  contain  some  fibres  less  than  0.50  inch  (1.3  cm)  in  order  to  avoid 
clinging  of  the  material  to  the  screed.  It  was  observed  after  2 years’ 
service  that  those  sections  of  pavements  containing  fibres  resisted 
reflection  cracking  more  effectively  than  those  without;  also,  best  results 
could  be  obtained  if  the  fibre  concentration  were  held  between  0.125  and 
0.250  percent. 

Increased  Thickness  of  Overlay 

Increasing  the  thickness  of  the  bituminous  overlay  has  been  a successful 
measure  against  reflection  cracking.  The  lower  levels  of  the  cross  section 
of  bituminous  mats  are  less  exposed  to  embrittling  agents  than  the  upper 
surface  and,  consequently,  have  better  resilience  to  accomodate  slab 
movements.  With  advancing  age  of  the  bituminous  overlay  there  is  increas- 
ing embrittlement  and  less  tolerance  of  the  existing  pavement  movements. 

An  age  is  eventually  reached  where  the  whole  cross  section  becomes  so 
brittle  that  cracks  begin  to  reflect  upwards  from  the  lower  levels  to 
the  upper.  It  should,  of  course,  be  noted  that  the  assumption  here  is 
that  the  material  characteristics  are  depthwise  uniform  at  the  completion 
of  construction.  Typically,  as  noted  in  a previous  report  by  the  Federal 
Aviation  Administration,  the  greatest  density  of  the  mat  will  occur 
somewhere  in  the  upper  part  of  the  mat  and  the  fewer  air  voids  that  occur 
here  will  make  this  area  most  resistant  to  oxidation  and  embrittlement. 


The  attenuation  of  strain  through  the  depth  of  the  overlay  at  points 
where  the  mat  spans  an  existing  joint  or  crack  must  also  be  considered. 
Bituminous  concrete,  depending  on  the  temperature  and  other  factors,  is 
an  elastic,  plastic,  viscous  material.  At  the  interface  next  to  the  joint, 
maximum  strain  occurs  and  this  diminishes  through  the  height  of  the  mat 
to  a point  where  the  strain  may  become  zero.  This  transition  of  strain  is 
more  or  less  rapid  depending  on  the  material  characteristics  of  the 
overlay.  The  more  plastic  the  asphalt  concrete  the  more  rapid  is  the 
transition  to  zero.  If  there  is  enough  material  above  this  zero  point, 
the  effects  of  joint  movement  will  not  be  evident  at  the  top  surface 
of  the  mat.  If  there  is  insufficient  thickness  of  material,  then  tensile 
strains  will  be  apparant  at  the  top  surface  and  rupture  of  this  surface 
will  result  depending  on  the  fracture  strength  of  the  overlay. 

While  many  other  factors  must  be  considered  as  operating  in  a pavement, 
it  has  been  observed  that  the  best  resistance  to  reflective  cracking  can 
be  obtained  by  increasing  the  Ibickness  of  the  bituminous  mat.  On  high- 
way ramps  that  are  badly  cracked  from  temperature  related  causes  an 
overlay  operation  is  usually  initiated.  Some  of  these  cracks  are  seen 
to  extend  from  one  side  of  the  pavement  to  the  other.  Sometimes,  because 
of  insufficient  superelevation  of  the  existing  pavement,  the  overlay 
is  made  thicker  towards  the  outside  edge  of  the  pavement.  After  about  a 
year  of  operation,  transverse  cracks  reflect  from  the  low  edge  of  the 
pavement  halfway  to  the  other  side  of  the  pavement.  The  increased 
thickness  of  the  mat  on  the  superelevated  side  does  not  permit  the  old 
crack  to  break  through  the  bituminous  overlay.  In  other  pavements  where 
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overlays  have  been  installed,  the  areas  with  the  greater  mat  thicknesses 


(deposited  to  maintain  vertical  alignment)  have  shown  less  reflective 


cracking  than  areas  with  thinner  thicknesses  of  overlay.  For  normal 


airport  construction  where  all  of  the  FAA  specifications  relative  to 


the  construction  of  bituminous  pavements  have  been  satisfied,  the  thick- 


ness of  overlay  above  which  cracks  do  not  reappear  after  a period  of 


3 years  is  about  5 inches  (12.7  cm). 


VI,  OTHER  OVER1AY  TYPES 


r 
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This  report  addresses  reflection  cracks  that  occur  in  dense  graded 
bituminous  mixes  used  as  an  overlay  material.  Several  other  types  of 
overlays  have  been  installed  on  airport  pavements  and  highway 
facilities,  and  their  performance  with  respect  to  reflection  cracking 
should  be  mentioned.  The  most  commonly  used  non-bituminous  material 
for  airport  overlays  is  plain  concrete  and  guidelines  for  their  design 
are  clearly  defined  in  an  Advisory  Circular  AC  N.  150/5370-6C  issued 
by  the  Federal  Aviation  Administration.  And,  with  respect  to  superior 
performance  in  crack  prevention  and  economies  in  cross  section,  plain 
concrete  overlays  do  not  compare  favorably  with  continuously  reinforced 
concrete  (CRC) . Fibrous  concrete  has  recently  been  used,  for  purposes 
of  criteria  development,  as  overlay  material  on  airport  taxiways  in  the 
South  and  the  West.  Also,  with  respect  to  prevention  of  hydro-planing 
and  increased  friction  and  resistance,  an  open  graded  porous  friction 
course  has  been  shown  to  be  superior  to  all  the  other  types  of  overlays 
including  dense  graded  asphaltic  concrete  overlays. 


A great  deal  of  interest  has  been  directed  to  the  use  of  these  types  in 
recent  years  and  much  research  has  been  sponsored  by  various  agencies 

i 

of  government.  Some  of  the  research  relating  to  the  performance  of 
these  materials  and  the  incidence  of  reflection  cracking  will  be 
I discussed  in  the  following  pages. 
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Continuously  Reinforced  Concrete 

Continuously  reinforced  concrete  (CRC)  is  believed  by  many  pavement 
engineers  to  be  an  effective  overlay  material  for  combating  the  inci- 
dence of  reflection  cracking.  The  initial  cost  of  overlaying  a 
cracked  pavement  with  CRC  is  much  greater  than  comparable  work  with 
bituminous  material.  However,  experience  with  CRC  construction  at 
Jackson  Municipal,  Palmdale  Air  Force  Base,  Minneapolis  International 
Airport,  and  Glenview  Naval  Air  Station  has  shown  that  thicknesses  of 
CRC  of  8.0  inches  to  14.0  inches  (20.3  to  35.6  cm)  have  been  very 
effective  in  preventing  cracking.  Wherever  reinforced  Portland  cement 
concrete  slabs  are  laid  for  pavements,  the  kind  of  cracks  observed 
are  reported  to  be  of  small  widths,  evenly  dispersed  but  in  a random 
pattern.  These  cracks  are  those  caused  by  volume  changes  that  induce 
shrinkage  and  temperature  stresses  of  rupture  magnitude.  A fine  grid 
of  reinforcing  bars  or  effective  frictional  resistance  at  the  interface 
between  the  pavement  and  overlay  tends  to  provide  mechanical  restraints 
that  reduce  movements  and  inhibit  cracking.  This  explains  why  rehabili- 
tation work  with  this  material  requires  the  design  of  a slab  of  such 
depth  and  strength  as  not  to  be  considered  as  an  overlay. 

In  1971,  the  FAA,  Corps  of  Engineers  and  the  Air  Force  Weapons  sponsored 
research  to  evaluate  the  performance  of  CRC  airport  pavements  and  to 
develop  design  procedures  for  pavements  and  overlays.  The  criteria  that 
were  developed  were  based  on  a load  related  mode  of  distress  and 
environmentally  induced  distress  was  not  addressed  in  the  methodology. 

It  was  suggested  that  additional  research  could  provide  adjustment 
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factors  to  account  for  environmentally  related  distress  in  these  pave- 
ments. The  application  of  this  methodology  has  permitted  the  design  and 
construction  of  CRC  pavements  and  overlays  that  have  performed  without 
failure  and  it  has  been  reported  that  spalling  of  concrete  (thereby 
exposing  reinforcing  bars)  and  not  reflective  cracking  has  been  the  mcst 
frequent  cause  of  concern  in  the  use  of  these  pavements.  It  has  been 
reported  by  engineers  at  the  Naval  Air  Station  at  Patuxent,  Maryland 
where  a great  deal  of  pavements  has  been  overlaid  with  bonded  CRC 
that  in  many  cases  reflection  cracks  have  been  minimal  on  pavements 
as  much  as  8 or  9 years  old.-*3 

Fibrous  Concrete 

The  use  of  fibrous  cone  ete  as  an  overlay  material  has  been  studied 

in  some  depth  by  the  Corps  of  Engineers  on  behalf  of  the  Federal 

Aviation  Administration.  One  of  the  studies  was  conducted  on  a taxiway 

at  Tampa  International  Airport  in  Florida.  Although  the  purpose  of 

research  was  to  develop  design  criteria  for  overlay  design  in  fibrous 

concrete,  the  investigations  provided  guidelines  on  its  effectiveness  as 

34 

a construction  material  and  for  preventing  reflection  cracking. 

The  existing  pavement  was  a severely  deteriorated  section  of  taxiway 
that  was  constructed  in  1965.  It  consisted  of  12.0  inches  (30.5  cm) 
of  portland  cement  concrete  over  3.0  inches  (7.6  cm)  of  a preparation 
described  as  50  percent  crushed  limerock  and  50  percent  sand.  The  sub- 
grade was  granular  to  a depth  of  at  least  28  inches  (71.1  cm).  The 
cause  of  this  rapid  deterioration  was  attributed  to  a combination  of 
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slowly  moving  traffic,  warping,  friction  stresses  and  fatigue.  A 
fatigue  analysis  made  in  1972  indicated  that  the  remaining  useful  life 
of  the  pavement  was  only  3.3  years. 

A plan  was  therefore  formulated  to  overlay  the  taxiway  with  4.0  inches 
(10.2  cm)  of  fibrous  concrete  and  6.0  inches  (15.2  cm)  of  the  same 
material  in  another  area.  Each  cubic  yard  (cubic  meter)  of  concrete 
contained  approximately  200  lb.  (90.7  kg)  of  steel  fibers  one  inch  (2,5  cm) 
long  with  a cross  section  0.010  by  0,022  inch  (0.25  by  0.56  nun)  that 

were  cut  from  flat  sheets.  No  attempt  was  made  to  form  matching 
transverse  joints  in  the  overlay  but  longitudinal  construction  joints 
matched  in  both  overlay  and  base  pavement.  Early  in  1972,  the  4.0 
inch  (10.2  cm)  thick  section  was  constructed  as  a square  panel  with 
a 75-foot  (22.9  m)  side  and  the  6-inch  (15.2  cm)  thick  panel  was  75 
feet  by  175  feet  (22.9  m by  53.3  m) . 

Periodic  inspections  since  construction  have  been  made  by  the  Corps 
of  Engineers  to  assess  the  performance  of  the  fibrous  concrete  overlays. 

Two  months  after  construction  it  was  noted  that  the  4-inch  (10.2  cm) 
thick  overlay  had  already  started  to  crack  along  lines  coinciding  with 
longitudinal  and  transverse  joints  in  the  base  pavement.  The  6-inch 
(15.2  cm)  pavement  had  not  yet  started  to  reflect.  Crack  patterns  in 
the  base  pavement  before  overlay  and  the  condition  after  6 months 
and  28  months  of  service  are  reproduced  and  shown  in  Figure  3. 

In  April  1979,  the  most  recent  inspection  revealed  that  about  75% 
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of  the  original  cracks  reappeared  in  the  4-inch  (10.2  cm)  overlay  and  about 
50%  in  the  6-inch  (15.2  cm)  overlay.  It  should  be  observed  that  the 
4-inch  thick  test  section  was  placed  at  a taxiway  exit  ramp  intersection 
and  was  subjected  to  shearing  forces  from  turning  aircraft  that  were 
never  developed  at  the  6-inch  (15.2  cm)  test  section  located  further 
up  the  taxiway.  How  much  this  difference  in  loading  pattern  was  in- 
fluencing load  related  reflection  cracking  is  not  known. 
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Joint  and  Crack  Pattern  in  Base  Pavement 
and  Fibrous  Concrete  Overlays  at  Tampa  International  Airport 

Figure  9 
(After  Ref.  35) 
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Porous  Friction  Course 

The  inclusion  of  a Porous  Friction  Course  (PFC)  as  part  of  an  overlay 
operation  for  airport  pavements  has  been  increasing  in  this  country 
since  its  first  application  in  Great  Britain  in  1962.  Early  test 
sections  were  constructed  at  Kirtland  Air  Force  Base  in  New  Mexico,  Pease 
Air  Force  Base  in  New  Hampshire  and  at  several  civil  airports  including 
those  at  Nashville,  Salt  Lake  City,  Hot  Springs  and  Denver  to  determine 
construction  procedures  and  field  performance.  PFC  is  an  open  graded 
asphaltic  concrete  material  that  permits  the  passage  of  water  to  an 
impervious  surface  below  and  imparts  very  high  skid  resistance  to  the 
pavement  over  which  it  is  laid. 


Research  conducted  by  the  Corps  of  Engineers'3  has,  however,  demonstrated 
some  succeptibility  of  this  overlay  material  (generally  about  1-inch, 


2.5  cnv  thick  over  the  usual  asphalt  concrete  overlay)  to  pop-outs  due 
to  freezing  and  thawing,  and  to  raveling  and  reflection  cracking  over 
underlying  longitudinal  and  transverse  joints,  after  only  a few  months 
of  service.  Later  investigations  by  the  Naval  Civil  Engineering 
Laboratory38  into  the  design,  construction  and  performance  of  PFC, 
concluded  that  this  material  will  not  prevent  reflection  cracks  from 
developing  when  it  is  laid  over  impaired  surfaces  but  has  advantages 
over  conventional  bituminous  overlays  such  as  requiring  less 
rolling  and  lower  mixing  temperatures. 
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VII.  CONCLUSIONS 


Consideration  of  the  data  collected  during  the  course  of  this  report 
suggests  that  most  of  the  field  tests  relative  to  the  various  efforts  to 
prevent  reflection  cracking  are  extensions  of  maintenance  operations  and, 
as  such,  proper  design  of  the  experiments  is  subordinated  to  such  factors 
as  opening  the  pavement  to  traffic  and  maintaining  grades.  In  the  main, 
the  variables  associated  with  the  material  properties  of  the  overlay, 
the  total  cross  section  of  the  pavement,  subgrade  bearing  strength, 
geometry,  traffic  and  temperature  transience  are  not  quantified. 
Installation  duties  are  mostly  performed  by  field  workers  who  are  often 
unskilled  and  lacking  in  knowledge  of  technical  reporting  techniques 
and  experimental  design.  Observation  of  the  performance  of  the  overlay 
is  generally  conducted  on  a casual  basis,  there  being  no  national  standard 
basis  that  would  enable  two  independent  observers  to  report  the  same 
performance.  The  result  of  unscientific  documentation  (or  lack  of 
any)  is  a confusing  set  of  data  that  cannot  be  used  to  secure  any 
prescribed  effect. 


It  is  understandable  that  efforts  to  reduce  reflection  cracking  should 
be  initiated  by  maintenance  personnel.  They  experience  a recurring  problem 
that  requires  annual  expenditures  of  large  sums  of  money  to  repair  pavement 
surfaces.  But,  large  sums  of  money  are  also  being  disbursed  on  materials 
that  susposedly  have  effectiveness  in  reducing  the  number  of  reflected 
cracks.  Systematic  research  effort  on  the  most  promising  of  these  efforts 
could  yield  definitive  relationships  between  all  the  variables  involved 
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and  reduce  the  number  of  meaningless  tests.  At  the  present  time,  and  from 
the  data  available,  it  is  apparent  that  the  only  repeatable  result  is  that 
for  any  set  of  conditions,  thicker  asphaltic  concrete  overlays  are  more 
resistant  to  reflective  cracks  than  thinner  ones;  also,  overlays  on 
asphaltic  base  pavements  are  more  crack  resistant  than  on  jointed  concrete 
pavements,  all  other  factors  similar.  These  are,  however,  qualitative 
results  and  properly  executed  research  could  have  made  quantification 
possible. 

Theoretical  and  laboratory  studies,  under  Government  and  industrial 
sponsorship,  are  underway  to  understand  the  mechanics  of  reflection 
cracking  and  to  establish  criteria  for  design  of  overlay  systems  that 
are  resistant  to  reflection  cracking.  However,  they  are  still  in  their 
early  stages  and  touch  only  a few  of  the  vast  number  of  variables 
associated  with  the  pavement  system.  Mathematical  modeling  of  certain 
restricted  systems  have  yet  to  be  field  validated  and  observed  by 
meticulous  researchers. 

It  has  been  estimated  that  in  1979,  350  million  tons  (318  Gg)  of 
asphalt  concrete  will  be  laid  for  pavements  and  about  10  percent  will 
be  for  airport  pavements.  A large  proportion  of  this  sum  will  fund 
overlay  of  badly  cracked  pavements  (some  of  which  had  previously  been 
overlaid) ■ It  would  appear  that  any  proven  measure  that  can  inhibit 
reflection  cracking  and  extend  the  life  of  these  pavements,  even  if  only 
by  a small  percentage,  would  make  a large  part  of  these  annual  expenditures 
unnecessary. 
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VIII.  RECOMMENDATIONS 


In  order  to  develop  dependable  criteria  for  methods  to  reduce  or 

prevent  reflection  cracking  of  bituminous  overlays,  the  following 

actions  are  recommended: 

1.  Consideration  of  all  of  the  factors  operating  on  a pavement 
system  and  their  inter-relationships  must  first  be  undertaken. 

2.  Field  installation  of  the  various  methods,  recording  of  material 
properties  and  geometry,  and  periodic  performance  evaluations  should 
only  be  performed  by  qualified  personnel. 

3.  A "universal"  condition  survey  methodology  must  be  adopted  in  order 
to  eliminate  observer  bias. 

4.  Claims  of  the  effectiveness  of  any  device  or  product  have  not  been 
verified  under  all  conditions.  At  present,  there  is  no  basis 

for  guarantees  of  performance  and  therefore  warranties  should  not 
be  accepted. 

5.  While  the  factors  affecting  the  phenomenon  of  reflection  cracking 
are  complex  and  involve  changes  in  material  properties  with  time, 
load  and  temperature,  definite  advances  are  being  made  in  sponsored 
research  using  elastic  theory.  Continued  research  is  needed  and 
should  be  supported  as  a first  step  before  more  elaborate  analytical 
formulations  are  attempted. 


6.  Airport  pavement  engineers  should  he  advised  that  "cost  effectiveness 
studies  of  the  various  methods  for  reducing  reflection  cracking  may 


not  be  of  value  if  the  degree  of  effectiveness  of  these  methods 
cannot  be  oredicted. 
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APPENDIX  A 


Summary  of  Physical  Properties 

Of  Fabrics  Commonly  Used  In  Overlay  Projects 

(Reproduced  From  Report  FHWA  No.  TS-78-205 
dated  1977) 
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Woven  Woven 

Polypropo-  Polypropo- 
lene  lene 


Nonwoven  Nonwoven  Woven 

Polypropo-  Polypropo-  Polypropo- 

lene  lene  lene 


4.2  (140)  4.1  (140)  7 (245) 


100  350/275 


6 or  12 

15 

300 

300 

M 


MANUrACTU.tCK  * 
Oft 

supplier 


Trade  Name 


Construction 


Thickness,  Mils 


Weight,0  yd^V) 


Equivalent  opening 
Size  (EOS)  U.  S. 
Standard  Sieve 


n Area 


Strip  test,  1“  wide 
ASTM  0-1682 
Warp/F 1 1 1 (Ib/ln) 

Elongation,  X 


Grab  Test 
ASTM  D-1682 
Warp/FI 11  (Ib/ln) 

Elongation,  X 


Oregon  State  U. 
Ring  test,  Ib/ln 
8 12  In/mln. 

X Elongation 


ADVANCE  CONSTRUCT 10' 
SPECIALTIES 


FlUer-X 


Woven, 


Woven, 

Polypropo- 

lene 

Woven, 

Polypropo- 

lene 

16.8 

26 

7.2  (244) 

6.6  (225) 

70 

40 

5.2 

24.4 

388/257 

208/202 

22/27 

24/17 

380/220 

200/200 

33/33  40/42 


IlilVriilz 


Width,  ft. 


Length,  ft 


- 1200  50  - 900  50  - 1200 


APPENDIX 


B 


Summary  of  Field  Installations 
of  Fabric 

To  Reduce  or  Prevent  Reflection  Cracking 

(Reproduced  from  Memorandum  FHWA  No.  HHO-31 
dated  March  9,  1978) 
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SUMMARY  OF  EXPERIENCE  WITH  "PETROMAT"  AS  A TREATMENT 
FOR  REFLECTION  CRACKING  IN  BITUMINOUS  OVERLAYS 
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resistance  was  denonstrated  in  these  tests,  research  to  investigate  the 
effectiveness  in  retarding  reflection  cracking  is  said  to  be  necessary. 


The  following  are  some  conclusions  reached  by  others  concerning  fabrics 
in  overlay  projects.  They  are  quoted  fro*  a report  addressed  in  the 
neaoranduai  already  mentioned. 


" The  conclusions  reached  In  1976  regarding  the  effectiveness 
of  Petromat  when  used  with  thin  asphalt  concrete  layers  are 
still  valid  for  alligator-type  cracking.  Petromat  covered  with 
1"  of  asphalt  concrete  performs  about  equal  to  a 2 inch  mat 
without  Petromat.  In  some  cases  this  has  provided  a 100 
percent  Increase  In  the  life  of  the  overlay. 

The  performance  of  thicker  lifts  of  asphalt  concrete,  2"  or 
more,  over  Petromat  have  not  been  adequately  evaluated  as  yet 
because  the  life  of  2"  or  more  overlays  greatly  Increases  the 
life  of  the  overlay  without  Petromat.  Some  projects  are  In 
progress  but  It  may  take  2 to  3 years  before  data  Is  available 
for  a decision. 

The  performance  of  Petromat  over  asphalt  concrete  transverse 
thermal  cracks  has  not  been  as  promising  as  It  has  over  the 
smaller  block  or  alii gator- type  cracks.  Projects  such  as 
Route  395  near  Doyle  In  California  and  1-20  near  Odessa,  Texas 
show  definite  Improvement,  particularly  In  the  early  years. 

As  the  pavements  become  older  and  the  asphalt  harder,  transverse 
cracks  begin  to  develop  but  at  a slower  rate  than  the  controls. 

The  use  of  2"  or  thinner  layers  over  Petromat  on  Portland 
cement  concrete  have  not  proved  effective  as  a crack  retardant. 
The  one  year  old  Georgia  1-85  experiment  Indicates  that  at 
least  4"  should  be  used  as  a cover  with  Petromat  (6N  without 
Petromat).  These  relationships,  however,  may  change  with 
additional  years  of  service. 

Petromat  continues  to  give  good  service  when  used  as  a 
maintenance  tool  under  a chip  seal  coat  In  both  Texas  and 
California. 

Evidence  developed  to  date  In  experimental  projects  Indicated 
that  the  average  performance  of  materials  such  as  Mlrafl, 
Petromat,  or  Structofors  Is  quite  similar. 
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